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Polycrystalline samples of YBa2Cu3O7−δ added with small amounts (x = 0.0 - 1.0 wt%)

of Sm2O3 nanoparticles were synthesized via co-precipitation process. The effects of ad-

dition of Sm2O3 nanoparticles on the superconducting properties and crystal structure of

YBa2Cu3O7−δ were thoroughly elucidated. The superconducting transition temperature

(Tc) of each sample was measured by a standard four point probe method. As the addition

of nano-Sm2O3 increases, the reduction of Tc occur from 92 K for x = 0.0 to 80 K for x =

1.0 wt% attributable to oxygen vacancy disorder. The crystal lattice parameters of all sam-

ples were determined by X-ray diffraction (XRD) with the Rietveld refinement technique. It

was found that the samples are predominantly single phase perovskite structure Y-123 with

orthorhombic, small amount of Y-211 and unreacted Sm2O3 secondary phases for samples

x = 0.2 - 1.0 wt%. Besides, the structure from SEM images showed that the structure be-

comes more porous than the pure sample and the grain sizes are getting slightly decrease

as the addition of Sm2O3 nanoparticles increase. The addition of nano-Sm2O3 disrupts the

grain growth of YBCO (123), therefore resulting in the degradation of microstructure and

superconducting properties of the samples.
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I. INTRODUCTION

High temperature superconductor (HTS) in

the copper based were discovered by J. G.

Bednorz and K. A. Muller in 1986 resulted

in worldwide interest in these materials [1].

YBa2Cu3O7−δ (Y123) is one of the most impor-
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tant copper oxide based superconductors that

has received great attention since it was revealed

by Wu in 1987 [2]. Y123 has significance ad-

vantages such as high current density, Jc, high

critical temperature, Tc, excellent capabilities of

trapping magnetic fields, and better mechanical

properties; for which the enhancement of these

properties is the key of superconductors technol-

ogy application [3].
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However, since Y123 superconductor is gran-

ular in nature, it contributes to weak grain

boundary connections, poor flux pinning and in-

homogeneity in the bulk samples. Thus, result-

ing in low Tc and Jc in the presence of magnetic

field. Therefore, to improve the homogeneity

and weak links effect, co precipitation method is

chosen due to low reaction temperature, fine and

uniform particle size, closely packed with little

porosity, easy set-up, economical and time sav-

ing processing [4]. Besides, the inclusion of rare

earth nanoparticles into Y123 system improves

its current carrying capability because the size

of nanoparticles is almost similar to magnetic

flux diameter of high temperature superconduc-

tor [5]. Thus, it may acted as pinning centres

that prevent the motion of magnetic flux and

increase the Jc. On the other hand, the addition

of nano-size particles is expected to change other

superconducting properties of Y123, i.e. Tc, due

to locally modifying the crystalline structure and

generate defects such as twins, tweed, and inho-

mogeneous micro-defects [6].

It has been reported that by adding mag-

netic nanoparticles, current carrying capacity

of superconductors YBCO was enhanced signif-

icantly, such as in the case of Fe3O4 nanoparti-

cle, Jc was about 1683 mA/cm2 for sample with

0.02 wt%. But, the excessive addition of nano

Fe3O4 (> 0.02wt%) suppressed the Tc and Jc [7].

Meanwhile, non-superconducting ZrO2 nanopar-

ticles adding in YBCO serving as artificial pin-

ning centers (APC) cause a remarkable enhance-

ment of critical current density, Jc at 77 K.

The pinning strength of nanoparticles inclu-

sion has been found to be greater with wide

size dispersed nanoparticles, 764 nm. This in-

dicates that pinning properties and vortex dy-

namics depend on the size of artificial pinning

centers [8]. Mellekh et al., (2006) worked on

YBCO added with small amounts (0 - 0.6 wt%)

of alumina particles [9]. Transmission electron

microscopy (TEM) and energy dispersive X-

ray (EDS) analysis have shown that alumina

reacts with the YBCO matrix to form nano-

metric aluminium-rich inhomogeneities inter-

grown within the YBCO superconducting ma-

trix. These inhomogeneities reduce the Jc−onsett

from 91.3 K to 88 K. The reduction of Tc and Jc

as the nanosize alumina addition increase due

to the counterbalance of two effects; the for-

mation of the nanometric inhomogeneities con-

taining aluminium relevant to the flux pinning

and reduction of matrix superconducting volume

which reflects the decrease of the critical temper-

ature, Tcand critical current density, Jc.

II. EXPERIMENTAL PROCEDURE

A. Samples Preparation

Powder of constituent metal acetates of Yt-

trium (III) acetate (Y(CH3COO)3.4H2O), bar-

ium acetate (Ba(CH3COO)) and copper (II) ac-

etate (Cu(CH3COO)2) with purity > 99%, were

weighed in their molar ratio 1:2:3 and dissolved
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in acetic acid, namely solution A. Meanwhile,

solution B containing 0.5 M oxalic acid was pre-

pared in a mixture of deionized high-purity wa-

ter : isopropanol (v/v = 1:1.5). Solution B was

added drop-wise into solution A in an ice bath

with continuous stirring in order to completely

dissolve the solutions. A uniform, stable, blue

suspension was formed and the slurry was fil-

tered after 5-10 minute of reaction. After filtra-

tion, the filtrated cake was allowed to dry at 80

◦C overnight. The dried blue precipitates were

ground prior to thermal treatment at 900 ◦C in

air for 15 h. The calcined powders were added

with nano-Sm2O3 (x = 0 - 1.0 wt%) and re-

ground in agate mortar until homogeneous. The

mixed powders were pressed into pellets of 13

mm diameter using Specac manually operated

hydraulic press. The pellets were sintered at 920

◦C for 15 h in air and cooled slowly to room tem-

perature in furnace at a rate 1 ◦C /min.

B. Characterization and Measurements

The thermal decomposition behaviour of the

coprecipitated precursor powders were analysed

by using a Mettler Toledo thermobalance (model

TGA/SDTA 851e) with a heating rate of 10

◦C/min. Samples of approximately 8 g were

placed in aluminium pans and heated from 30

◦C to 900 ◦C under a dynamic flow of nitrogen

at 50 mL/min. The structure and phase identi-

fication of the powder samples ground from sin-

tered pellets were examined by powder XRD us-

ing a Philips 1710 diffractometer with Cu Kα

radiation. Refinement of the X-ray diffraction

data was carried out by the Rietveld method.

The surface morphology of the samples was car-

ried out by scanning electron micrograph (SEM).

The electrical resistance was measured by using

standard four-probe method, in a closed cycle

helium cryostat at temperatures between 20 K

and 300 K.

III. RESULT AND

CHARACTERIZATION

A. Thermo Gravimetric Analysis (TG /

DTG)

Figure 1 indicates the thermal decomposition

of the YBCO precursor powder during the TG

measurement and DTG (derivative of the weight

loss curve). From this method, the proper sin-

tering temperature could be estimated [10]. As

shown in drop 1 and 2 (<240◦C), approximately

19% weight loss is attributed to the dehydration

of moisture and water in lattice of the oxalate

salts. This dehydration process is also proved

by DTG measurements where the drop peaks

are in the same temperature range and could

be clearly seen. A sharp drop peak is observed

in drop 3, approximately 18% weight loss in the

temperature range of 250 ◦C to 356 ◦ Cas the de-

composition of the yttrium oxalate salts to the

corresponding carbonates and copper oxalate to

corresponding copper oxide.

In drop 4, the decomposition of barium ox-
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alate corresponding barium carbonate is ob-

served in the range of temperature 365.7 ◦C

- 568.8 ◦C respectively. On heating to higher

temperature, the composition of barium carbon-

ate to barium oxide takes place at near 760 ◦C

and fully decomposed at 896 ◦C . At temper-

ature near 900 ◦C , the formation of YBCO

123 (Y123) phase was produced. However, at

temperature above 950 ◦C , the superconduct-

ing YBCO phase is damaged due to oxygen loss

and melting. Consequently, from the TG plots,

the total losses of mass during the entire thermal

decomposition process were found to be 55%.

Figure 1. Thermogravimetric (TG/DTG)

analysis of the YBCO oxalate powder

B. X-ray Diffraction (XRD) Pattern

Figure 2 shows the x-ray diffraction patterns

of YBCO with addition of various weight per-

centage of Sm2O3. Then these patterns were

compared with that of ICDD-PDF-2 database

to verify the structural parameters. It showed

that the pure sample is dominantly single phase

and consist of perovskite-like structure Y123 cor-

responding to orthorhombic Pmmm symmetry.

The lattice parameters and unit cell volume for

pure YBCO sample obtained from the data are

a = 3.8211 Â, b = 3.8881 Â, c = 11.690 Â and V

= 173.68 Â. The minor secondary phase, Y-211

and unreacted Sm2O3 have been observed for x

= 0.2 - 1.0 wt%. This Y211 secondary phase is

commonly coexist in YBCO (123) [11]. The lat-

tice parameter, a increased for x = 0.2 - 0.8 wt%

but slightly decreased for x = 1.0 wt%. On the

other hand, lattice parameter, b decreased and

remain almost constant at x = 0.2 - 0.6 wt% and

increase slightly at x = 0.8 wt%.

Figure 2. X-ray diffraction pattern of YBCO

with various addition of Sm2O3

The lattice parameter c was reducing and re-

main constant at x = 0.4 - 1.0 wt%, as well.

The changing value parameters a as well as b

have been lowered the orthorhombicity linearly

as plotted in Figure 3. The variation in lattice

parameters results from the internal stress in-

duced by Sm inclusion, which Sm3+ has the po-

tential to substitute Y-site due to its ionic radius

of Sm3+ (0.964 Â) bigger than Y3+ (0.893Â)
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(Veal et al, 1989) [12]. Besides, the oxygen ion

may be trapped in the crystal structure and

affect the values of lattice constants [2]. All

the values of lattice parameters and volume are

listed in the Table 1.

Figure 3. Variation of lattice constants along

a-, b- and c- axis for YBCO added with various

amounts of Sm2O3

C. Microstructure Analysis SEM

The SEM surface morphologies of the YBCO

bulk with addition of Sm2O3, x = 0.2 - 1.0

wt% were examined and are shown in Figure 4.

The average grain sizes of samples were deter-

mined from 100 grains with magnification 1000X

measured randomly using Image J. As depicted,

there are changes in grain size as well as the

number of pores. It can be seen the grains in

pure sample are strongly linked with less poros-

ity. However, in the case of x = 1.0 wt%, the

grains are seem to be molten-like due to the

highest amount of Sm2O3 adding into YBCO,

thus limiting the growth of the crystal struc-

ture. The grain size of the samples decreased

from 1.880 µm to 1.589 µm as the addition of

Sm2O3 nanoparticles increased. This is due to

the non-homogenous distribution of Sm2O3 in

structure and poor grain connectivity. The de-

creasing of grain size also has been reported in

the case of SiO2 nanoparticles, Nd2O3 nanopar-

ticles and Au nanoparticles added in YBCO sys-

tem [13]-[15].

D. Resistance dependence of temperature

of YBCO + xSm2O3

Figure 5 displays the variation temperature

of the normalized resistance of pure sample as

well as Sm2O3 added samples (x = 0.2, 0.4, 0.6,

0.8 and 1.0). The Tc−onset for those samples

are 92K, 91K, 90K, 90K, 89K and 88 K, re-

spectively. The pure sample showed metallic be-

haviour in the normal state. By looking at R-T

curves, there is metallic to semiconducting be-

haviour and double step transition of Tc which

is believed due to indication of weak-links be-

haviour. The samarium added compound shows

a Tc slightly lower than that of the pure com-

pound. With increasing Sm2O3 content, the

transition temperature getting lower, this could

be attributed to the suppression of superconduc-

tivity by Sm3+ ions. The transition width, ∆T c

becomes broaden and widens from 4 K to 22 K

which indicates the existence of impurities and

weak-links between the superconducting grains.
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Table 1. Refined unit cell lattice parameters, a, b and c axes and volume fraction percentage for

YBCO added with various amounts of Sm2O3

x, Sm2O3 0.0 0.2 0.4 0.6 0.8 1.0

a (Â) 3.8211 3.8227 3.8239 3.8262 3.8275 3.8267

b (Â) 3.8881 3.8848 3.8846 3.8848 3.8869 3.8852

c (Â) 11.690 11.676 11.683 11.681 11.682 11.682

V (Â3) 173.6762 173.3982 173.5387 173.6250 173.8003 173.6750

Figure 4. SEM images with average grain size measured from Image J for fractured YBCO +

xSm2O3, x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt%.

In addition, the reduction of Tc and increasing of ∆T c also might be due to the lowering of oxy-
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gen content in samples. The results obtain from

DC resistivity measurements are listed in Table

2.

Figure 5. Normalized critical temperature, Tc

for samples sintered with various amount of

Sm2O3.

Table 2. The Tc−onset, Tc−offset, and transition

width, ∆T c for YBCO added with various

amounts of Sm2O3.

Sm2O3, x Tc−onset(K) Tc−offset(K) ∆T c(K)

± ± ±

0.0 92 88 4

0.2 91 80 9

0.4 90 74 16

0.6 90 72 18

0.8 89 74 15

1.0 88 66 22

IV. SUMMARY

The YBa2Cu3O7−δ superconductor added

with Sm2O3 nanoparticle have been synthesised

successfully by co-precipitation method. From

the refinement of x-ray diffraction (XRD) data,

it was found that the minor secondary phase, Y-

211 and unreacted Sm2O3 have been observed

for x = 0.2 1.0 wt% samples. The scanning elec-

tron microscope (SEM) showed that the sam-

ples decreased as the addition of Sm2O3 in-

creased due to the non-homogenous distribution

of Sm2O3 in structure and poor grain connec-

tivity. The addition of Sm2O3 might cause the

lowering of oxygen content in samples which

resulted in reduction of critical temperature,

Tcfrom 92 K to 88 K.
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